Introduction: Tumor spread through air spaces (STAS) has recently been reported as a form of tumor invasion having an unfavorable prognosis, but the significance of a small amount of STAS is not known. The aim of this study was to perform a semiquantitative assessment of STAS.
Introduction
Lung cancer is a leading cause of cancer mortality in both the United States and Japan. 1, 2 Surgery is the mainstay of treatment for small lung adenocarcinoma. However, approximately 20% of patients with lung adenocarcinoma 2 cm or smaller without pleural invasion or metastasis experience recurrence of the disease. 3 Since the publication of the multidisciplinary lung adenocarcinoma classification (International Association for the Study of Lung Cancer, American Thoracic Society, and European Respiratory Society) in 2011, 4 tumor morphology has come to be recognized as a prognostic factor as important as molecular characteristics. Patients with a lepidic predominant pattern have the most favorable prognosis, those with an acinar or papillary pattern have the second most favorable prognosis, and those with a solid or micropapillary pattern have the worst prognosis. 5, 6 Kadota et al. 7 reported that tumor spread through air spaces (STAS), floating tumor cells, and small tumor clusters in the normal alveolar space *Corresponding author.
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adjacent to the edge of tumor were significant risk factors for recurrence of small lung adenocarcinoma in patients who undergo limited resection. The 2015 WHO classification 8 introduced STAS as a new route of invasion and included it as an exclusion criterion for minimally invasive adenocarcinoma. Warth et al. 9 reported that STAS significantly reduced recurrence-free survival (RFS), overall survival (OS), and disease-free survival in patients with resected adenocarcinomas of any stage and that this trend was the same in patients with widespread STAS and those with limited STAS. However, the significance of quantitative assessment of STAS has not been reported. The aim of this study was to investigate the relation between the STAS and clinical, pathologic, and prognostic factors as well as patients' survival.
Materials and Methods

Patients
The study was approved by the institutional review board of Toranomon Hospital. A total of 208 patients with small ( 2 cm) stage I lung adenocarcinoma (minimally invasive or invasive) and no lymph node metastasis were identified as having undergone surgical resection including both lobectomy and limited resection between 2003 and 2009 at our institution. Patients with variants of adenocarcinoma (invasive mucinous, fetal, or colloid adenocarcinoma), multiple nodules, or other components (such as squamous or neuroendocrine differentiation) were excluded. Information on patients' demographics, the surgical procedures performed, and postoperative follow-up was retrieved from the medical records. RFS was measured from the date of resection to development of clinical/radiographic recurrence of disease. Recurrences were categorized as locoregional or distant. 7, 10 Patients who were alive without documented clinical or radiographic recurrence were censored on the date of last follow-up. OS was measured from the date of resection to death from any cause.
Histopathologic Examination
All archived hematoxylin and eosin-stained tumor slides (a median of three per patient, range 1-8) were reviewed by two of the authors (H. U. and T. F.). Each case was evaluated for histologic pattern on the basis of the WHO 2015 classification 8 ; necrosis; and presence or absence of pleural invasion, lymphatic invasion, and vascular invasion. The final stage of the tumor was determined in accordance with the American Joint Committee on Cancer classification, seventh edition.
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Examination of STAS
The definition of STAS used in this study was based on the original report by Kadota et al. 7 First, we examined all tumor edges and selected one to three fields with abundant STAS. STAS was then assessed semiquantitatively in the most prominent area by using a BX53 microscope with a 20Â objective and a 10Â ocular lens (Olympus, Tokyo, Japan). Patients with micropapillary or solid nest-predominant STAS according to the original report by Kadota et al. 7 were classified as having no STAS, low STAS ( 
Statistical Analysis
A univariate analysis was performed by the Clinical Study Support Company (Nagoya, Japan) with the chisquare test to determine the impact of clinicopathologic parameters on STAS. This analysis was conducted with SAS software, version 9.4 (SAS Institute Inc., Cary, NC). The RFS and OS analyses were performed by one of the authors (H. U.) using the Kaplan-Meier estimator and the log-rank test with SPSS software, version 23 (IBM Corp., Armonk, NY). Univariate and multivariate survival analysis was performed by the Clinical Study Support Company with a Cox proportional hazards regression model to adjust for potential confounders of the association between clinicopathologic characteristics and RFS/ OS independently with SAS software, version 9.4. Spearman's test was performed by the Clinical Study Support Company to clarify the relationship between STAS and RFS/OS, also using SAS software, version 9.4. All p values were two sided and considered to be statistically significant at less than 0.05.
Results
STAS and Patient Characteristics
The mean age of the study cohort (n ¼ 208) was 66 years (range 32-87), and 51% were men. Of the 208 patients, 163 (78%) underwent lobectomy with ND2a-1 lymphadenectomy for patients younger than 80 years and ND1b lymphadenectomy for patients 80 years or older by video-assisted thoracic surgery, and 45 (22%) underwent limited resection with or without lymphadenectomy by video-assisted thoracic surgery. STAS was assessed as no STAS in 109 cases (52.4%), low STAS in 38 cases (18.3%), and high STAS in 61 cases (29.3%) ( Table 1) . Of the 208 patients, 180 (87%) were pathologic stage T1aN0M0 and the remaining 28 (13%) were pathologic stage T2aN0M0.
There was a statistically significant association between higher STAS and solid predominant invasive adenocarcinoma (p < 0.001), pleural invasion (p < 0.001), lymphatic invasion (p < 0.001), vascular invasion (p < 0.001), and tumor size of 10 mm or more (p ¼ 0.037) by the chi-square test (see Table 1 Table 1 ).
Relationship between STAS and RFS
Recurrence and disease progression occurred in 17 cases during follow-up. The incidence of recurrence was 2% (two of 109) for no STAS, 5% (two of 38) for low STAS, and 21% (13 of Fig. 1B) . The data for type of operation and recurrence are shown in Supplementary  Table 2 . Two patients with STAS who underwent limited resection experienced distant recurrence.
Relationship between STAS and OS
There were 20 deaths from any cause during followup. Nine of the 20 deaths occurred in patients with recurrence of lung cancer, and eight of these deaths were directly cancer related (the cause of death in the remaining patient was aspiration pneumonia). Five of the 11 patients without recurrence of lung cancer died for reasons related to another type of cancer; the cause was unknown in two patients, and the cause of death in one patient each was pneumonia, interstitial pneumonia, acute subdural hematoma, and road traffic accident. Table 4 ).
Discussion
Higher STAS was seen more often in patients with solid predominant invasive adenocarcinoma, pleural and lymphovascular invasion, and tumor size of 10 mm or more. Univariate and multivariate Cox proportional hazards regression analysis in this study showed that higher STAS was a significant unfavorable prognostic factor for RFS in patients with small lung adenocarcinoma. We found that about 20% of patients with high STAS developed a recurrence.
Clinicopathologic parameters related to STAS have been reported in three lung adenocarcinoma cohorts. In a report of 411 resected small ( 2 cm) stage I lung adenocarcinomas by Kadota et al., 7 lymphovascular invasion as well as micropapillary and solid predominant patterns were associated with presence of STAS. Micropapillary predominant, high-stage, node-positive, and metastasized adenocarcinomas were significantly associated with the presence of STAS in 569 resected pulmonary adenocarcinomas of any stage reported by Warth et al. 9 Finally, male sex, cigarette smoking, solid nodules, stage IB disease, and lymphovascular and pleural invasion were related to the presence of STAS in 318 stage I adenocarcinomas reported by Shiono and Yanagawa. 12 Our results for clinicopathologic parameters classified according to no, low, or high STAS are consistent with the findings of these three studies.
An early report indicated that aerogenous tumor spread is an unfavorable prognostic factor in patients with mucinous or nonmucinous adenocarcinoma, 13 and a subsequent study reported that clusters of floating cancer cells were a significant prognostic factor in patients with metastatic lung cancer of colorectal origin, regardless of whether they had undergone lobectomy or limited resection.
14, 15 Onozato et al. 16 also pointed out that a large collection of tumor cells (a "tumor island") in the alveolar space increased the risk for recurrence in patients with stage I lung adenocarcinoma. Threedimensional reconstruction analysis showed that the tumor island was connected to the main tumor. Therefore, a tumor island was a type of aerogenous tumor spread, although whether tumor islands should be included in STAS is still debatable. 17 Finally, Kadota et al. 7 described tumor cells that spread within air spaces in the lung parenchyma beyond the edge of the main tumor and coined the term STAS. In the report, the presence of STAS was associated with a risk for recurrence in patients with small adenocarcinoma who had undergone limited resection. The original definition did not include the number of clusters of STAS. Warth et al. 9 subsequently defined STAS as a small solid nest containing five or more tumor cells and reported an association between STAS and significantly reduced OS and disease-free survival in a series of patients with resected stage I to IV pulmonary adenocarcinoma. Although there were slight differences about the definition of STAS, STAS was prognostic factor. 18 Our findings are consistent with those of the aforementioned studies.
In our study, STAS was a significant prognostic factor. Two patients with STAS who underwent limited resection experienced recurrence, which was distant in both cases. In the report by Kadota et al, 7 presence of STAS increased the risk for recurrence in patients who underwent limited resection but not in those who underwent lobectomy. They speculated that STAS may remain undetected in the alveolar space beyond the surgical margin and cause locoregional recurrence. However, in the cohort of patients with completely resected stage I to IV pulmonary adenocarcinoma reported by Warth et al, 9 STAS was still associated with decreased disease-free survival and OS. Our results are consistent with those in the report by Warth et al. 9 The exact reason for the association between STAS and prognosis is unknown, but tumor activity at the invasive front may be important.
This study has several limitations. First, it was retrospective in nature and conducted in a single center. Second, the molecular alterations were unknown. STAS has been reported to be associated with lower rates of EGFR mutation but higher rates of BRAF mutation. 9, 12 Nevertheless, further studies of the molecular correlates of STAS are needed.
In summary, higher STAS based on semiquantitative assessment was seen more often in patients with resected solid predominant small adenocarcinoma, pleural and lymphovascular invasion, and a larger tumor size and was associated with worse RFS.
